61966-038 



SAET-007 



MULTI-STEP FIBER STRIPPING 
CROSS REFERENCES TO RELATED APPLICATIONS 

[0001] This application claims the benefit of priority under 35 U.S.C. §120 from co- 

pending, commonly owned U.S. non-provisional patent application serial number 10/152,885 
filed May 21, 2002; which is a continuation in part of U.S. Application Serial No. 09/977,107 
5 filed on October 12, 2001, which is a continuation in part of 09/724,001, filed on November 28, 
2000 (now abandoned), which claimed the benefit of priority from U.S. Provisional Application 
Serial No. 60/306,843, filed on July 20, 2001, U.S. Provisional Application Serial 
No.60/307,297, filed on July 23, 2001, and U.S. Provisional Application Serial No. 60/310,172, 
filed on August 3, 2001. 

10 [0002] This application claims the benefit of priority under 35 U.S.C. §1 19(e) from co- 

pending, commonly owned U.S. provisional patent application serial number 60/395,281, 
entitled MULTI-STEP STRIPPING, filed July 12, 2002. 

FIELD OF THE INVENTION 

[0003] This invention relates generally to stripping optical fibers, and in particular to a 

15 method and apparatus for rapidly and efficiently stripping optical fibers having multiple 
coatings. 

BACKGROUND 

[0004] Fiber optic cables are widely used in modern optical devices and optical 

communications systems. Optical fibers are usually coated with one or more a protective layers, 
20 for example a polymer coatings, in order to protect the surface of the fiber from chemical or 
mechanical damage. It is necessary to remove the protective coating or coatings in order to 
prepare the fibers to be cleaved and spliced, or in order to further process the fibers to 
manufacture optical devices such as optical sensors and other optical communications network 
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components. 

[0005] When extra protection is required, a fiber with an additional layer of coating is 

used. This additional layer is typically made up of a polymeric substance, such as, for example, 
nylon, PVC, Kevlar or HytreL In some typical fibers, this additional layer extends the outer 
5 diameter out to about 900 microns from the typical 250 microns. This additional layer is 
sometimes bonded to the acrylate 250 micron layer, disposed between the fiber and the 
additional layer. It is necessary to remove all of the protective coatings in order to prepare the 
fibers to be cleaved and spliced, or in order to further process the fibers to manufacture optical 
devices such as optical sensors and other optical communications network components. 

10 [0006] Conventional stripping methods include mechanical stripping, chemical stripping, 

and thermal stripping. These methods all suffer from a number of defects. Mechanical stripping 
typically involves a stripping tool, similar to a wire stripper, which cuts through the coating and 
scrapes it off. A major disadvantage is that mechanical stripping typically nicks or scratches the 
glass fiber surface, eventually leading to cracks and to degradation in the tensile strength of the 

15 fiber. By way of example, the tensile strength of an optical fiber may be reduced from about 15- 
16 pounds before mechanical stripping to about 3-5 pounds after mechanical stripping. The 
optical fiber's longevity is thereby reduced. 

[0007] Chemical stripping uses solvents or concentrated acids to remove the polymer 

coating. In the prior art, acid stripping is often performed using a sulfuric nitric mixture that 

20 includes about 95% sulfuric acid and about 5% nitric acid. While this prior art method reduces 
tensile strength degradation, an acid residue may typically be left on the fiber surface at the 
splice point. Therefore, using chemical stripping on titanium dioxide color coded fiber degrades 
the splice strength. Also, chemical stripping as performed in the prior art is very costly. 
[0008] Finally, there are major safety concerns inherent in chemical stripping methods. 

25 Ventilation and safety equipment may be needed when using acids for the stripping process. 
Human operators performing acid stripping require facilities having well-ventilated areas, 
preferably with exhaust or ventilation hoods for removing acid fumes. They may also require 
protective gear, such as protective clothing and gloves for avoiding acid burns, and protective 
breathing apparatus for protection from acid fumes in the air. Storing, handling, and transporting 

30 the acids are also extremely hazardous. 

2 
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[0009] This process cannot be effectively used on the 900 micron layer of a fiber due to 

it's make up. If one were to attempt to use acid to remove the 900 layer as well as the 250 layer 
the acid would wick up between the 900 layer and the 250 layer in the area adjacent to the area 
of desired stripping creating a longevity problem. This approach would also cause severe 
5 contamination of the acid medium reducing its usability and potentially causing recontamination 
of the fiber. 
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SUMMARY OF THE INVENTION 

[0010] The present invention provides a system and method for heat stripping an optical 

fiber (e.g., titanium dioxide color coded fiber). A short, heated burst of air is injected from a 
forced air heat source, and applied to one or more portions of the optical fiber. A short burst of 
5 air lasts less than about one second, and has a temperature of about 700-1 100 degrees C. This is 
useful in quickly stripping a portion of the fiber cable (or spot stripping). The stripper may be a 
translatable stripper, whereby the stripper or portions thereof, the fiber(s), or some combination 
thereof, are translatable. In such a case, prolonged or multi-burst techniques may be used to strip 
one or more extended lengths of one or more fiber optic cables. In either case, due to the high 
10 temperature, the outer coating of the optical fiber is immediately removed, without degrading the 
original tensile strength of the fiber. No coating residue remains on the fiber, and no curling of 
the coating occurs. While heated air is used in a preferred embodiment of the invention, other 
embodiments may use other substances, such as other gases and fluids. 

[0011] A system for stripping an optical fiber in accordance with the present invention 

15 includes an air source and means for generating short bursts or streams of air from the air source, 
by releasing compressed air during short periods of time. Typically, each short burst of air lasts 
less than one second. However, for stripping extended lengths of fiber the burst of air may have 
a longer duration, e.g., 4-5 seconds. 

[0012] In one embodiment of the invention, the means for generating bursts of air 

20 includes an air pressure generator for creating air pressure, an air pressure controller for 
controlling air pressure, and an air flow regulator for regulating the flow of air out of the means 
for generating bursts of air, so as to controllably release compressed air from the means for 
generating bursts of air during very short time intervals. In one form of the invention, the air 
flow regulator may be a solenoid valve controlled by a timer. 
25 [0013] The optical fiber stripping system further includes a heater for heating the bursts 

of air to a temperature sufficient to remove the outer coating from the optical fiber with a single 
burst. Typically, the requisite temperature is from about 700 degrees Celsius to about 1100 
degrees Celsius. The heater heats the air bursts without bringing the air into contact with the 

4 
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heat source of the heater. In this way, the air avoids exposure to unwanted contaminating 
particles from the heat source, such as carbon or oxidized particles. The unwanted particles are 
thus prevented from being deposited on the fiber, and from reducing the tensile strength or 
performance characteristics of the fiber. The heater can be used to efficiently heat substances 
5 other than air, such as other gases and fluids. 

[0014] The heater includes a heater core having a heat generating element. The heater 

core supplies heat to a heat chamber. An air conduit receives air from the means for generating 
bursts of air and is preferably configured to also receive heat from the heater core, thereby 
preheating the air. Along with a heat chamber outlet port, the air conduit and heat chamber form 

10 an isolated air transport path. When air is injected from the means for generating bursts of air 
into the air conduit, heat generated by the heat generating element in the heater core is 
transferred to the air while the burst of air flows through the conduit and through the heat 
chamber. In this way, the air stream is heated to a temperature sufficient to strip an optical fiber, 
while remaining isolated from the heat generating element in the heater core. An air output 

15 nozzle connected to the outlet port of the heat chamber directs the heated burst of air at the 
portion of the optical fiber to be stripped. The outer coating of the fiber is vaporized and 
removed almost instantly. In other forms, preheating in an air conduit may not be provided. 
[0015] In various embodiments, the stripper or portions thereof are translatable with 

respect to the fiber. In other embodiments, the fiber may be translatable with respect to the 

20 stripper, or portions thereof. In such translatable strippers, multiple bursts of air may be used to 
strip an extended length of fiber, different areas on the same fiber, multiple fibers using the same 
output nozzle, or some combination thereof Otherwise, several output nozzles may be provided, 
each configured for alignment with different fibers or different areas of the same fiber, and the 
heat chamber outlet port may be translatable (or include a translatable extension member) such 

25 that the outlet port couples to each of several output nozzles. Otherwise, multiple outlet ports 
and output nozzles may be provided, and one or more of those may be translatable. 
[0016] The present invention features a method for stripping one or more optical fibers. 

The method includes delivering bursts, i.e., each burst of air characterized by a relatively short 
duration in time. The air bursts are injected into a heater via an isolated air transport path. The 

30 heater includes a heat chamber and a heat generating element. The bursts of air are heated within 
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the heat chamber to a temperature sufficient to vaporize the outer coating from the fiber, without 
the air being exposed to the heat generating element. In one form, a single short burst of air of 
about 1 second or less is directed at a portion of the optical fiber to be stripped, so as to thermally 
remove the outer coating from the optical fiber within less than one second, i.e., spot stripping. 
5 In another form, continuous stripping is used to strip an extended portion of a fiber. Continuous 
stripping may be accomplished using a multi-burst technique where a series of closely spaced 
short bursts are applied to the extended portion of the fiber. In another form, continuous 
stripping is accomplished by a prolonged burst technique where a burst of about 4-5 seconds, as 
an example only, is applied along a length of fiber to be stripped. The actual duration of the 
10 prolonged burst is determined as a function of the length of the portion of the fiber to be stripped. 
Spot stripping or continuous stripping may be used with a single portion of a single fiber, 
different portions of the same fiber, or on different fibers. In various embodiments of the 
method, the output nozzle or stripper is translatable, the fiber or fibers are translatable, or some 
combination thereof. 



BST99 1360402-1.061966.0038 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The drawing figures depict preferred embodiments by way of example, not by 

way of limitations. In the figures, like reference numerals refer to the same or similar elements. 
[0018] FIG. 1 provides a schematic block diagram of a system for stripping an optical 

5 fiber, constructed in accordance with the present invention. 

[0019] FIG. 2 A provides an overall plan view of a heater and FIG. 2B provides a top 

view of an arrangement of heater exchange elements and air path, in accordance with the present 
invention. 

[0020] FIG. 3 A provides a side view of the inner heat chamber. 

10 [0021] FIG. 3B provides a top view of the inner heat chamber. 

[0022] FIG. 4A provides a side view of the spiral-shaped air conduit that surrounds the 

heater core. 

[0023] FIG. 4B provides a top view of the spiral-shaped conduit. 

[0024] FIG. 5A provides a top view of a heater core, constructed in accordance with a 

1 5 preferred embodiment of the present invention. 

[0025] FIG 5B provides a side view of a heater core, constructed in accordance with a 

preferred embodiment of the present invention. 

[0026] FIG. 6 provides a cross-sectional view of a heater core, constructed in accordance 

with another embodiment of the present invention. 
20 [0027] FIG.s 7A-7H show various embodiments of translatable strippers, in accordance 

with the present invention. 

[0028] FIG. 8 is a perspective view of a multi-layer fiber that may be stripped with a 

stripper in accordance with the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0029] The present invention provides a system and method for ultra-fast stripping of the 

multiple outer coatings from one ore more optical fibers (e.g., a single fiber or a fiber ribbon). 
One such system that may be used in accordance with the present invention, strips multiple 
5 layers with multiple bursts or passes of heated air or inert gas. As an example, each layer could 
be removed with a separate burst or pass. 

[0030] FIG. 1 provides a schematic block diagram of a system 10 for stripping a fiber 

optic cable 50, constructed in accordance with one embodiment of the present invention. In 
overview, the system 10 includes a source of air 12, and means 14 for generating bursts of air, or 

10 air streams, from the air source. While air is used in the embodiment illustrated in FIG. 1, other 
substances can be used, including but not limited to gases and fluids. The system further 
includes a heater 16 for rapidly heating the bursts of air from the air source to a temperature 
sufficient to remove the outer coating from the fiber optic cable 50. The heater 16 can be used to 
heat substances other than air, such as other gases and fluids. 

15 [0031] Preferably, the air source 12 supplies air through an air filter 34 to the means 14 

for generating bursts of air. In this way, the means 14 for generating bursts of air receives air 
that is free of contaminants, such as oil or oxidized particles. A desiccant may also be added to 
the air, but the need or desire for use of the desiccant will often depend on the quality or purity of 
the air provided by air source 12. 

20 [0032] In the embodiment of FIG. 1, the means 14 for generating bursts of air includes a 

pressure pump 22, a pressure vessel 20, a pressure switch 21, an air pressure controller 24, and 
an airflow regulator 26. Pressure pump 22 delivers filtered air to pressure vessel 20, thereby 
creating a pressure buildup in pressure vessel 20. The air pressure controller 24 controls the air 
pressure created by the pressure pump 22 within the vessel 20, and also controls the release of 

25 pressurized air pressure from pressure vessel 20. A pressure switch 21 can be used with the air 
pressure pump 22, in order to limit and maintain the pressure in the pressure vessel 20 under 
control of pressure controller 24. 

[0033] The airflow regulator 26 is responsive to the air pressure controller 24, and 

Q 
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regulates the flow of compressed air out of the pressure vessel 20, so as to release compressed air 
at desired times to create bursts of air. The airflow regulator 26 may include a solenoid valve 28, 
which can be used to release the air pressure from the pressure vessel 20 for very short time 
intervals, creating the burst effect. An adjustable timer 30 (e.g., a timer circuit), preferably 
5 including an embedded microprocessor, can be used to control the on/off switching of the 
solenoid valve, and thereby control the duration of the burst. A "Go" device or button 40 may be 
included to initiate the release of a burst of air, and may be in operative communication with the 
timer 30 or, in other embodiments, directly with the solenoid valve 28. 

[0034] In manual operation, the "Go" device 40 can be a mechanical, electrical, or 

10 electromechanical button, switch or device. In an automated context, the "Go" device can be a 
controller, interface or port configured to receive a control signal. The burst of air released from 
the pressure vessel 20 is injected into an input port 118 of heater 16. A power supply 42 can be 
provided to supply power for the heater 16 and the timer 30, and an on/off switch 44 may 
regulate one or more of the heater 16, the pressure controller 24, and the pressure regulator 26 or 
15 the entire stripper system. A temperature controller 210 may be included to help regulate the 
heater 16 output, based on a temperature value feedback, as discussed in greater detail with 
respect to FIG. 3 A below. The temperature controller 210 may also take power from power 
supply 42, as is shown in FIG. 1 . 

[0035] FIG. 2A provides an overall plan view of a heater 100, representative of heater 16 

20 of FIG. 1, constructed in accordance with one embodiment of the present invention. In a 

preferred embodiment, the heater 100 is a process air heater that can achieve the extremely high 

air temperatures required to strip optical fiber, typically between about 700 degrees Celsius to 

about 1100 degrees Celsius. The heater 100 provides a unique combination of low cost, high 

efficiency, small size, purity, and maximum temperature. The heater 100 is designed so as to 

25 enclose most of the heat within an inner heat chamber 114, until heated air is released from an 

output nozzle 205 coupled to or integral with an outlet port 201 of the heat chamber 114. 

Preferably, the heater 100 has less than 10 minutes of ramp time, from room temperature to the 

desired temperature. The heater 100 is capable of achieving and maintaining air temperatures in 

excess of 1050 degrees Celsius, for long periods of time. The power requirement for the heater 

30 100 is preferably a maximum of about 500 watts, at 120 volts AC. In the illustrated 

9 
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embodiment, the heater 100 is about 10 inches long and about 4 inches in diameter. 
[0036] According to the present invention, effective stripping of an optical fiber requires 

that the process air heater 100 not introduce contamination of any kind to the air. If introduced 
into the air, the contaminating particles could deposit themselves onto the optical fiber, when the 
5 heated bursts of air from output nozzle 205 are applied to the stripping length of the optical fiber. 
This would eventually lead to degradation of the splice strength and performance of the fiber. 
Accordingly, the filtered air received by the means 14 for generating bursts of air remains 
isolated within an isolated air transport path until it is output by the stripper. 
[0037] An isolated air transport path in accordance with the present invention is 

10 comprised of heat chamber 1 14, a means to couple to said means 14 of generating bursts of air to 
an input port 141 of said heat chamber 114, and the heat chamber outlet port 201. In the 
preferred form, an air conduit 116 couples, at an output end 1 17, to the heat chamber input port 
141 (see FIG. 3 A). The air conduit 116 includes the input port 118, into which air from the 
means 14 of generating bursts of air are injected, for example using an air injection nozzle at said 

15 input port 118. Upon injection of air into the air conduit 116, heat from the heater core 112 (see 
FIG. 2B and 6) is transferred to the injected air while the air flows through the air conduit 116 
and into the heat chamber 114. In this way, the air is pre-heated to aid in achieving the high 
temperatures necessary for stripping fiber optic cable, while avoiding any direct exposure to the 
heater core 112. 

20 [0038] An air output nozzle 205, coupled to or integral with the outlet port 201, is used to 

direct heated bursts of air from the heat chamber 1 14 to the optical fiber to be stripped. In some 
embodiments, the air output nozzle 205 may be easily removable, facilitating the interchanging 
of nozzles, wherein different nozzles are provided having different output dimensions and 
characteristics, depending on the characteristics and dimensions of the object to be stripped. 

25 [0039] In contrast to prior art methods, in which a continuous flow of exposed hot air is 

generated in order to strip an optical fiber, in the present invention the heat is enclosed in the 
chamber 114, until one or more well defined bursts of hot air is generated at approximately 700 
to 1100 degrees C. The heated burst of air is directed at a portion of the fiber coating to be 
stripped. As previously mentioned, a short burst lasts less than about 1 second and a prolonged 

30 burst has a duration chosen based on the length of the portion of the fiber to be stripped, e.g., up 
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to about 5 seconds. The entire polymer coating to be stripped is removed almost instantly, 
without curling. Also, there is very little or no ramp up time or flow of hot air between cycles or 
uses. 

[0040] In the present invention, the heater 100 includes a heat exchanger. The heat 

5 exchanger enables the heater to heat the air to the desired high temperatures, while preventing 
exposure of the air to any unwanted particles from the heat generating element of the heater, 
such as oxidized metal particles or carbon. The heat exchanger is designed to maximize 
convection, conduction, and radiation. The use of a heat exchanger and isolated air path, 
together with the air filter 34 described in conjunction with FIG. 1, prevent oxidized or otherwise 

10 contaminated heater particles from coming into contact with the fiber. This is one of the reasons 
why the method and system of the present invention yield substantially higher and more 
consistent tensile strength of the stripped fiber, as compared to prior art methods. 
[0041] In a preferred embodiment, the heat exchanger includes a heater core 112 (further 

illustrated in FIG. 5A-B and FIG. 6) configured to generate heat and disposed to transfer heat to 

15 the heat chamber 114 and, preferably, air conduit 116. In one embodiment, the heater core 112 
may be a replaceable component of the heater 100. By using a replaceable heater core, the cost 
and frequency of replacing a burned out heater can be minimized, and the heater can have a life- 
span of at least 5000+ hours. The heater core 1 12 preferably has a cylindrical shell structure and 
includes a heat generating element 113 (see FIG. 6). In a preferred embodiment, the heat 

20 generating element 113 is a conductive filament, such as a heater wire, that generates heat when 
an electrical potential is applied across the filament. 

[0042] FIG. 2B provides a top view of the arrangement of the heat exchanger elements 

and the isolated air path, in accordance with the preferred embodiment. The air conduit 116 
encircles the outer surface of the heater core 1 12 and the heater core 112 substantially encircles 

25 the heater chamber 1 14, having outlet port 201 . Accordingly, a gap or void region 1 19 is formed 
between the inner heat chamber 114 and the outer spiral air conduit 116, to accommodate 
placement of the heater core 112 therebetween. Therefore, the gap region 119 is also 
substantially cylindrical, and is sized so as to allow the heater core 1 12 to be easily press- fit into 
the gap region 119. In a configuration in which a replaceable heater core 112 is used, the gap 

30 region 1 19 allows the replaceable heater core 112 (and heat generating element 1 13) to be easily 
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inserted therein and removed therefrom. 

[0043] The heat chamber 114 serves to enclose within the chamber most of the heat 

generated by the heat generating element 113 of the heater core 112, until a heated air burst is 
released from the chamber. When air conduit 1 16 is used, the air received by heat chamber 114 
5 is preheated, so less heating within the heat chamber is needed, thus the heating process is 
relatively quick. If the air is not preheated, substantially all heating is accomplished in heat 
chamber 114. In either manner, the air within heat chamber 114 is fully heated to desired 
temperature for stripping and remains isolated from the heater core 112 and its heating element 
113. 

10 [0044] FIG. 3 A provides a side view of one embodiment of the inner heat chamber 1 14. 

In the illustrated embodiment, the heat chamber 114 has an outer diameter of about 1.125 inches, 
and a length of about 8.0 inches. The heat chamber 1 14 includes outlet port 201 for allowing the 
heated burst of air to exit from the heat chamber 114. Output nozzle 205 couples to outlet port 
201 and directs the heated burst of air. The heat chamber inlet port 141 is preferably coupled to 

15 output end 1 17 of air conduit 116, preferably by welding. The heat chamber 114 causes the air 
flowing through the heater to slow down, compared to the rate at which the air flowed through 
the air conduit 116. This allows more heat to be absorbed into the process air. 
[0045] In a preferred embodiment, the heat chamber 114 encloses the temperature 

controller 210 (also shown in FIG. 1), which provides measurement and feedback control of the 

20 temperature inside the heat chamber 114. Preferably, the temperature controller 210 is a 
thermocouple that is inserted into a small-diameter capillary tube 211. The small diameter tube 
21 1 is closed at a first end 212, and is open at a second end 213 in order to allow for insertion of 
the thermocouple. The thermocouple 210 allows accurate measurement of the process air 
temperature, without adding contamination during the measurement process, since capillary tube 

25 211 prevents exposure of the air in heat chamber 1 14 to the thermocouple 210. 

[0046] FIG. 3B illustrates the dimensions of the heat chamber 114, as from a top view. 

In the illustrated embodiment, the inner diameter of the heat chamber 1 14 is about 1.0". The hot 
air outlet port 201 is shown as having a diameter of about 0.25". 

[0047] FIG. 4A provides a side view of one embodiment of the spiral-shaped air conduit 

30 116 that surrounds the heater core 112. In this view, the heater core 112 and heat chamber 114 
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are not present. The spiral shaped air conduit 116 is preferably made of quartz and forms a 
helical coil defining a plurality of turns. The outer surface of the heat chamber 1 14 and the inner 
surface of the helical coil define the gap region 119, which is shaped as a tube-shell so as to 
allow the heater core 112 to be press fit into the gap region 1 19, as is shown in FIG. 2B. As 
5 previously noted, the spiral-shaped conduit 116 includes an input end 118 and an output end 117. 
The input end 118 is configured to receive air from an air input nozzle of the means 14 for 
generating bursts of air, which serves to inject air from the air source 12 (shown in FIG. 1) into 
the air conduit 116. As described earlier, the output end 117 of conduit 1 16 is welded to the heat 
chamber inlet port 141 of heat chamber 114, allowing air from the air conduit 116 to enter the 

10 heat chamber 114. The heated air stream exits the chamber 114 from the air outlet port 201 . 

[0048] FIG. 4B illustrates the dimensions of the air conduit 116, as viewed from the top. 

In the illustrated embodiment, the outer spiral conduit 116 has an inner diameter of 1.5 inches. 
The difference between the inner diameter and the outer diameter of the spiral conduit 116 is 
about 0.375 inches, as shown. As described in reference to FIG. 3B, the inner heat chamber 1 14 

15 has an outer diameter of 1.125 inches. The thickness of the shell-shaped gap region 119 formed 
between the inner chamber and the outer spiral is thus given by: 
[0049] (L5 - 1.125)/ 2 = 0.1875 inches. 

[0050] FIG.s 5 A and 5B illustrate heater core 112, constructed in accordance with a 

preferred embodiment of the present invention. FIG. 5A provides a top view (not shown to 
20 scale) of the heater core 112, whereas FIG. 5B provides a side view (both views not shown to 
scale). In the illustrated preferred embodiment, the heater core 112 has a cylindrical, tubular 
configuration, and is made of quartz. The heater core 112 preferably has a wall thickness of 
about 1/6 inches, and an overall length of about 7 inches. 

[0051] The inner and outer diameters of the heater core 112 are sized so as to fit into the 

25 gap region 119 described above. As described with reference to FIG. 4B, the size of the gap 

region 119 between the chamber 114 and the conduit 116 is (1.5 - 1.125) / 2 = 0.1875 inches = 

4.7625 mm. The total space which needs to be shared by the outer diameter and the inner 

diameter of the heater core 112 is therefore given by the difference between the size of the gap 

1 19 and the maximum diameter of the quartz tube 300: 

30 [0052] 4. 7625 mm-3mm= 1. 7625 mm = 0. 035 inches. 
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[0053] The maximum outer diameter (ODmax) of the heater core 112 is given by the 

difference between the inner diameter of the spiral conduit 116 and about one half of the space 
shared by the outer and inner diameter of the heater core 1 12, i.e.,: 
[0054] ODmax (heater core) = l.Sin - 0.035 in = 1.465 inches. 

5 [0055] The minimum inner diameter (IDmin) of the heater core 1 12 is given by the sum 

of the outer diameter of the inner chamber 114 and about one half of the space shared by the 
outer and inner diameters of the heater core: 

[0056] IDmin (heater core) = 1.125 inner chamber OD + 0.03 5in = 1.16 inches. 

[0057] The cylindrical heater core 112 has a first end 310 and a second end 311. A set of 

10 evenly spaced notches 320 are cut out at both ends 310 and 311 of the heater core 112. In the 
illustrated embodiment, each notch 320 is about 2 mm wide, and 4 mm deep. The heat 
generating element 113 is a conductive wire wound inner diameter to outer diameter. The 
notches 320 are used to evenly space the wire 113. 

[0058] FIG. 6 shows a top view of an embodiment of heater core 112, which includes 

15 heat generating element 113. In a preferred embodiment, the heat generating element 113 may 

be a conductive filament, such as a heater wire, which generates heat upon application of an 

electrical potential across the filament, although other embodiments of the invention may use 

other types of heat generating elements. The heater core 112 preferably operates at a maximum 

of 500 watts, at 120 Volts. The current through the heat generating element 113 is therefore 

20 500/120 = 4.17 Amps. The heater wire 113 should therefore has a resistance of about 120 / 4.17 

= 28.8 Ohms. In the illustrated embodiment, a 22 gauge Kanthal Al heater wire, having a length 

of about 21.5 feet and a diameter of 0.644, is used, although other embodiments of the invention 

may use other types of heater wires, such as Kanthal APM heater wire. The Kanthal Al 22 

gauge wire has a resistance of 1.36 Ohms per foot. 

25 [0059] The 22 gauge Kanthal Al heater wire 113 encircling the heater core 112 defines 

conductive coils that surround the cylindrical shell structure. About 21 feet of heater wire 1 13 is 

used. The cylindrical heater core is preferably press fit into the gap 119 between the inner 

chamber 114 and the outer spiral conduit 116. Both ends of the heater wire 113 extend out to the 

back end of the heater 100. An outer case (not shown) may be provided for the heater 100, 

30 preferably made of steel and having an outer diameter of about 4 inches, and a length of about 9 

14 
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inches. The heater wire 113 terminates at ceramic terminals that electrically isolate them from 
the outer case. 

[0060] The conductive coils that surround the heater core 1 12 radiate heat energy, when a 

voltage is applied across the coils. The heat energy is radiated both radially inward, toward the 
5 heat chamber 114, and radially outward, toward the outer spiral conduit 116 (see FIG. 2B). In 
particular, the conductive coils define a heat flow path for the heat energy in a first direction 
radially inward of the coils toward the heat chamber 114, and in a second direction radially 
outward of the coils toward the spiral-shaped conduit 116, substantially opposite the first 
direction. Because heat is radiated in both directions, heating takes place both in the heat 

10 chamber 1 14 and in the conduit 116, increasing the efficiency of the heating process. 

[0061] Preferably, the heater core 112 does not have glass to glass contact, either with the 

inner heat chamber 1 14 or with the outer spiral conduit 116, both of which are preferably made 
of quartz. It is thus desirable that there be an inner and outer spacing around the heater core 1 12, 
see FIG. 2B. For this purpose, high temperature buffer material, for example ceramic tape, may 

15 be placed at the top and bottom inner diameter and outer diameter of the heater core 112, to 
provide insulation. The ceramic tape can be placed over the weld points, at the top and bottom 
on the inner diameter and the outer diameter of the heater core 112. The tape may also be 
wrapped around the outer diameter of the heater core 112, and around the ends of the outer spiral 
conduit 116. 

20 [0062] In this embodiment of FIG. 6, the body of the heater core 112 is formed by 

welding together a plurality of quartz tubes 300, disposed side by side and spaced apart from 
each other in an annulus so as to form a cylindrical shell structure. In the illustrated exemplary 
embodiment of the invention, 34 quartz tubes, each having a length of about 7.5 inches, are 
welded together, 1 inch from both ends, to form a cylindrical shell structure. The tubes are 

25 spaced apart by about 0.3 mm, on average. 

[0063] In the illustrated embodiment, the outer diameter of the quartz tubes 300 that are 

used to form the body of the heater core come in increments of 1 mm, i.e. the outer diameters of 
the tubes range may be 1mm, 2mm, 3mm, or larger. Since there must be room for the buffer 
material on the inner diameter and the outer diameter of the heater core, however, the diameter of 

30 the quartz tube is preferably not larger than 3mm. Since 34 tubes are used in the illustrated 
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embodiment, each having a diameter of 3mm, and with a 0.3mm gap between each tube, the 
circumference of the cylindrical heater core 112, as measured along the center of the constituent 
quartz tubes, is about 1 12.2mm. 

[0064] In operation, the solenoid valve (shown in FIG. 1) is activated to generate a short 

5 burst of air, by releasing air pressure from the pressure vessel. The heater is activated by 
applying an electric potential through the heater wire 1 13, so that heat is generated by the wire. 
The burst of air is injected, using an air injection nozzle, into an input end of the outer spiral 
conduit 116 surrounding the heater core 1 12. The burst of air is rapidly heated as the air flows 
through the spiral conduit 116, and enters the heat chamber 114 which encloses the heat 

10 generated by the heater wire 113. The burst of air flows through the heat chamber 114, and exits 
from an outlet port of the heat chamber 114. An air output nozzle connected to the outlet port of 
the heat chamber 1 14 directs the heated burst of air at the outer coating of an optical fiber. The 
air output nozzle is preferably relatively wide, so that heated air can be directed to the entire 
stripping length of the fiber. The entire polymer coating on the outside of an optical fiber is 

1 5 vaporized and removed almost instantly. 

[0065] In various embodiments the stripper or portions thereof are translatable with 

respect to the fiber. In other embodiments, the fiber may be translatable with respect to the 
stripper, or portions thereof. In such translatable strippers, multiple bursts of air may be used to 
strip an extended length of fiber, different areas on the same fiber, multiple fibers using the same 

20 output nozzle, or some combination thereof. Otherwise, several output nozzles may be provided, 
each aligned with different fibers or different areas of the same fiber, and the heat chamber 114 
outlet port 201 may be translatable (or include a translatable extension member) such that the 
outlet port couples to each of several output nozzles. Otherwise, multiple outlet ports and nozzle 
may be provided, and one or more of those may be translatable. 

25 [0066] In FIG. 7A, a top view of a translatable stripper 700 is shown. In this 

embodiment, the air source 12, filter 34, and means 14 for generating bursts of air are 
collectively represented in a single block, for simplicity. Similarly, the heater 16, temperature 
controller 210, power supply 42, and on/off switch 44 are represented by a single block. In this 
embodiment fiber optic cable 50 is supported by two cable supports 52, 54. Output nozzle 205 is 

30 translatable with respect to the fiber 50 (e.g., a titanium dioxide color coded fiber), as indicated 
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the arrows marked "A". To achieve such translation, the output nozzle 205 is coupled to an 
electro-mechanical controller 702 that is preferably preprogrammed for translation and stripping. 
For instance, the electro-mechanical controller 702 may be pre-programmed to move the output 
nozzle along the length of fiber 50 for continuous stripping of an extended portion of fiber 50 
5 using a series of closely spaced bursts (i.e., mulit-burst) of heated air or a prolonged burst (e.g., a 
burst of about 4-5 seconds) of heated air, or for spot stripping of predefined portions of fiber 50 
with individual or short bursts (i.e., about 1 second or less) of heated air. Continuous (i.e., either 
multi-burst or prolonged burst) can also be used on several portions of fiber 50. 
[0067] In FIG. 7B a top view of another embodiment of a translatable stripper 710 is 

10 shown. In this embodiment, the output nozzle 205 is stationary, but the fiber 50 is translatable, 
under the control of a fiber controller 712. The fiber 50 may be translated in one of at least two 
manners. First, fiber 50 may be secured in place by cable supports 52, 54, and cable supports 52, 
54 may move in the direction of arrow A. Second, support 52 may act as a guide and support 54 
may include a spool of fiber optic cable 50. The spool support 54 may be configured to pull (or 

15 push) the fiber 50 in the direction of arrow A, which causes it to translate across an opening of 
output nozzle 205. Bursts of air are selectively (e.g., with preprogramming and in concert with 
spool support 54) directed from output nozzle 205 to strip fiber 50. Fiber 50 may be stripped 
along an extended length using the multi-burst or prolonged burst techniques, or fiber 50 may be 
spot stripped at different places on the fiber 50 using short burst, multi-burst, or prolonged burst 

20 techniques. 

[0068] In FIG. 7C is a front view of another embodiment of a translatable stripper 720 is 

shown. In this embodiment, several fibers 50A, 50B, and 50C are loaded into fiber supports 52A 

& 54A, 52B & 54B and 52C & 54C to be stripped by a single translatable output nozzle 205. 

The output nozzle 205 may be translated in the direction of arrow A or arrow B, under the 

25 control of controller 722. Stripper 720 may be programmed for any combination of continuous 

stripping or spot stripping of any of the fibers 50A, SOB, and 50C. In FIG. 7C, three fibers are 

shown for illustration, but there is no inherent limit on the number of fibers that may be stripped. 

As with the embodiments above, fibers 50A, SOB, and 50C may be stripped along an extended 

length using the multi-burst or prolonged burst techniques, or fibers 50A, 50B, and 50C may be 

30 spot stripped at different places on the fiber 50 using short bursts, multi-burst, or prolonged burst 
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techniques. 

[0069] FIG. 7D shows a side or top view of the translatable stripper of FIG. 7C, but with 

four fibers 50A,B,C,D being stripped by a single output nozzle 205. Cable supports are omitted 
in FIG. 7D. 

5 [0070] In FIG. 7E is a front view of another embodiment of a translatable stripper 730 is 

shown. In this embodiment, the output nozzle remains stationary and fibers 50A, 50B, and 50C 
are translatable in the direction of arrow A and/or arrow B. The fibers are supported or secured 
by cable supports 52A & 54A, 52B & 54B and 52C & 54C, which move under the guidance of 
controller 732. Otherwise, supports 52A, B, C can serve as guides and supports 54A, B, C can 

10 be spool supports, as previously discussed. Once again, continuous stripping and spot stripping 
are preferably both be accommodated. Fibers 50A, 50B, and 50C may be stripped along an 
extended length using the multi-burst or prolonged burst techniques, or fibers 50A, SOB, and 50C 
may be spot stripped at different places on the fiber 50A, SOB, and 50C using short bursts, multi- 
burst, or prolonged burst techniques. 

15 [0071] In FIG. 7F is a front view of another embodiment of a translatable stripper 740 is 

shown. In this embodiment, the fibers 50A,B,C and the output nozzles 205A,B,C are 
translatable in the direction of arrow A and/or arrow B. The fibers 50A,B,C move under the 
guidance of controller 742 (as previously discussed) and the output nozzles 205A,B,C move 
under the guidance of controller 744. Output nozzles 205A,B,C may take different forms, 

20 yielding different output patterns or characteristics. Once again, continuous stripping and spot 
stripping are preferably both be accommodated. Fibers 50A, 50B, and 50C may be stripped 
along an extended length using the multi-burst or prolonged burst techniques, or fibers 50A, 
50B, and 50C may be spot stripped at different places on the fiber 50A, 50B, and 50C using 
short bursts, multi-burst, or prolonged burst techniques. 

25 [0072] FIG. 7G can be a top or side view of another embodiment of a translatable 

stripper 750. In this embodiment, several different output nozzles 205A,B,C,D may be used, 

each associated with a different fiber optic cable 50A,B,C,D. A single outlet port 201 f is 

provided, configured to selectively couple to each of the output nozzles 205 A,B,C,D, shown by 

dashed ray lines. Outlet port 20 l f operates under the guidance of a controller 752, which is 

30 preferably preprogrammed to accomplish desired continuous and spot stripping of fibers 
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50A,B,C,D. That is, fibers 50A, SOB, 50C and SOD may be stripped along an extended length 
using the multi-burst or prolonged burst techniques, or fibers 50A, SOB, 50C and 50D may be 
spot stripped at different places on the fiber 50A, 50B, 50C and 50D using short bursts, multi- 
burst, or prolonged burst techniques. 
5 [0073] In FIG. 7H, for example, a top or side view of another embodiment of a 

translatable stripper 760 is shown. A controller 762 moves the heater 16 and output nozzle 205' 
in the direction of arrow A, although movement in other directions can also be accommodated. 
In this embodiment, a wider output nozzle 205 f is used, rather than the nozzle 205, to create a 
wider spray for the burst. A prolonged burst may be used as the heater 16 and output nozzle 205' 
10 move along the length of the fiber 50. As with other embodiments, the configuration of FIG. 7H 
may also be adapted to strip several loaded fibers (e.g., fibers 50A, B, C, and D). Also, as with 
other embodiments, the multi-burst or short bursts may be used. Also, the output nozzle 205 of 
other embodiments could also be used with translatable stripper 760, as could output nozzles of 
other configurations. 

15 [0074] In any of the above embodiments of FIG. 7A-7H, the outlet port 201/201' may an 

include an extension member configured to couple between the outlet port and the output nozzle 
205/205'. In other embodiments, the entire heater 16 is translatable, such that outlet port 201/201' 
and outlet 205/205' need not be translatable. 

[0075] In summary, a system allows rapid and efficient stripping of optical fibers, 

20 without using chemicals. The virgin strength of the fiber is not degraded, since no mechanical 
scratching of the fiber occurs, and the fiber is not exposed to any oxidized metal particles, 
carbon, or other contamination from the heat source. The method and system can be used on 
titanium dioxide color coded fiber without degrading the splice strength, as an example. 
Virtually no coating residue is left on the fiber, and no curling of the polymer coating is caused, 
25 so that no interference is caused with the next step in optical fiber processing, such as splicing. 
No rinse step is therefore required, after the fiber has been stripped. Stripping may include 
translation of the fiber or the heater or portions thereof. The stripper may be configured to strip 
several loaded fibers. 

[0076] Any of the foregoing stripper embodiments may be configured to heat strip an 

30 optical fiber 800 having multiple layers of polymeric coatings, as is shown in FIGs. 8A-C. In 

19 

BST99 1360402-1.061966.0038 



such a case, multiple stripping steps are used to strip the length of fiber. For example, such a 
fiber 800 may include an outer 900 micron coating or layer and an inner 250 micron layer 820, 
or other types of layers. As is shown in FIG. 7A-F, generally, a heated burst of air or inert gas is 
applied along the stripping length of the optical fiber 800 in multiple steps (or passes). The burst 
5 of air/gas flows through a heater nozzle 830, e.g., a round or oval heater nozzle with an ID of 
about 2mm. Once stripped only the inner fiber 850 remains, which is then stripped as discussed 
above. 

[0077] In some embodiments, particularly where an extended length of fiber 800 is to be 

stripped, the heater may be translated in a specific motion across the length of fiber to be 

10 stripped. In other embodiments, the fiber 800 may be translated across the heated volume of 
air/gas, as discussed above. The motion of the heater relative to the fiber is such that the heat 
causes the 900 micron layer 810 to be removed and carried away in the air/gas stream while 
leaving the 250 layer 820 of acrylate intact. That is, preferably the 250 layer is not substantially 
altered in its physical or chemical make up as a result of any prior stripping steps. This requires 

1 5 one or more passes or bursts from the heater while the air/gas is flowing. The speed of translation 
and number of passes will be different depending on the material used to makeup the outer layer 
or layers (e.g., the 900 micron layer 810). The air/gas has a temperature of about 700-1100 
degrees C. Since the stripping of the outer layer or layers does not remove the inner most layer 
(e.g., the 250 layer 820), the purity of the air/gas used in the heated stripping is generally of no 

20 particular concern for the outer layer. The inner acrylate coating of the optical fiber is removed 
as a second step using the process described above with respect to FIG. 7A-H, as an example. 
[0078] Preferably, the stripping steps are separate steps and the fiber has time to cool (1 

or 2 seconds) before the final layer stripping step is initiated. This can be important because 
preheating the 250 layer prior to attempting to remove it reduces the thermal shock that makes 

25 the process work well and can cause residue to be left on the fiber strand itself. In accordance 
with the present invention, the coatings 810, 820 of the optical fiber are removed without 
significantly degrading the original tensile strength of the fiber. No coating residue remains on 
the fiber 850, and no curling of the coating occurs. While heated air or inert gas are used in a 
preferred embodiment of the invention, other embodiments may use other substances, such as 

30 other gases and fluids. 
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[0079] Preferably, a heater having an isolated air/gas stream or path is used, but in other 

forms other heaters could be used. For example, if an inert gas is used it is not imperative to 
keep the gas isolated from the heating element, although there is still benefits to doing so. In 
some embodiments, one heater could be used for stripping the out layer(s), wherein purity is not 
5 so imperative, and the above heater could be used for stripping the inner-most layer. 

EXAMPLE FOR STRIPPING 900 MICRON HYTREL COATED FIBER (125 MICRON 
GLASS DIAMETERS) THE PROCESS IS AS FOLLOWS: 
[0080] Fiber 800 is loaded away from the nozzle 830. The heater is activated for a 3 

10 second pre-burst to heat the nozzle. A fiber stager (not shown, but see FIG. 7A-H) moves fiber 
into start position. Fiber 800 is located about 1 fiber diameter away from the nozzle 830. Initial 
burst starts shortly (-100 msec) after fiber 800 has reached the start position. Fiber motion is 
initiated along the X axis, at the same time the first burst in initiated. The fiber strip length is 
adjustable but for this example it is 30mm. The stage translation speed is adjustable but for this 

15 fiber coating type we used 20 mm/sec. Fiber 800 is moved 30 mm along the X axis relative to 
the nozzle830, while the hot air burst exits the nozzle. This first pass softens the fiber outer 
coating 810 , but does not remove it. 

[0081] At the end of the 30mm travel the stage makes a second pass in the opposite 

direction, along the X axis, with the speed set slightly slower (15mm/sec in this example) to 

20 remove the outer fiber coating 810 (e.g., Hytrel), but leaves the majority of the 250 micron 
acrylate coating 820 intact. The final pass uses a higher speed and motion delays at both ends of 
the stripped fiber region to remove the acrylate coating by thermally shocking the coating and 
causing it to explode off the glass, leaving a clean glass surface. The delays at each end of the 
stripped region are timed to create clean fiber-to-coating interfaces. 

25 [0082] For other 900 fiber coatings, or other multi-layer coatings, the process is similar 

to the one described above, but the number of passes, speed of each pass, air temperature, flow 

rate, and interface delays are varied to optimize the quality of the stripping process. Another 

variable which may be changed is that the length of each pass may be successively longer (in 

distance along the x-axis) in order to prevent burning of the outer coatings at the interfaces, and 

30 create clean interfaces and optimize for high glass tensile strength. 
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[0083] While the foregoing has described what are considered to be the best mode and/or 

other preferred embodiments, it is understood that various modifications may be made therein 
and that the invention or inventions may be implemented in various forms and embodiments, and 
that they may be applied in numerous applications, only some of which have been described 
5 herein. It is intended by the following claims to claim any and all modifications and variations 
that fall within the true scope of the inventive concepts. 
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